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(57) ABSTRACT 
The present invention provides a system and method to 
reduce motion-induced noise in the detection of ultrasonic 
signals in a moving sheet or body of material. An ultrasonic 
signal is generated in a sheet of material and a detection laser 
beam is moved along the surface of the material. By moving 
the detection laser in the same direction as the direction of 
movement of the sheet of material the amount of noise 
induced in the detection of the ultrasonic signal is reduced. 
The scanner is moved at approximately the same speed as 
the moving material. The system and method may be used 
for many applications, such in a paper making process or 
steel making process. The detection laser may be directed by 
a scanner. The movement of the scanner is synchronized 
with the anticipated arrival of the ultrasonic signal under the 
scanner. A photodetector may be used to determine when a 
ultrasonic pulse has been directed to the moving sheet of 
material so that the scanner may be synchronized the antici-
pated arrival of the ultrasonic signal. 
23 Claims, 7 Drawing Sheets 
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signals are typically in the 1 MHz (megahertz) range. The 
different frequencies of the vibrations and the sought-after 
ultrasonic signals enable the machine vibrations to be easily 
filtered out so that the detection of the ultrasonic signal is 
SYSTEM AND METHOD OF REDUCING 
MOTION-INDUCED NOISE IN THE 
OPTICAL DETECTION OF AN 
ULTRASOUND SIGNAL IN A MOVING BODY 
OF MATERIAL 5 readily obtained. 
GOVERNMENT RIGHTS 
While mechanical vibrations may be easily filtered, noise 
induced by the texture of the surface can be problematic 
depending on the type of material being tested and/or on the 
speed at which the material passes under the detection laser 
The government of the United States has rights in this 
invention pursuant to Contract No. DE-FC07-971D13578 
awarded by the U.S. Department of Energy. 
FIELD OF THE INVENTION 
The present invention relates to measuring the mechanical 
properties of moving sheet or web-like materials, and more 
particularly, relates to a system and method for detecting 
ultrasonic signals, in a non-contact manner, in moving sheet 
or web-like materials. 
10 beam. Non-contact testing has been successfully performed 
using a stationary laser beam in the production of steel 
sheets moving along a conveyor. The success of laser 
detection of ultrasonic sound in the production of steel can 
be attributed to the relatively slow moving speed of the steel 
15 on a conveyor and to the relatively smooth texture of steel. 
However, using on-line, non-contact measurements of ultra-
sound wave velocities in paper production is more problem-
atic because the paper moves at a much higher speed and is 
more fibrous than steel. The high speed of production and 
BACKGROUND OF THE INVENTION 20 very fibrous nature of the paper's texture causes detection 
problems for a detection laser. Ensuring quality control is the goal of most, if not all, 
manufacturers. In production environments where large 
quantities of product are produced in a relatively short 
amount of time, an inefficient quality control process can 25 
cause a substantial loss in production time, product, and 
revenue. Steel and paper production are typically high 
quantity operations and consequently would benefit from an 
efficient quality control mechanism. In each of these 
systems, the steel or paper product is typically produced in 30 
a sheet or web-like form along a production line at relatively 
high speeds. One of the key quality control parameters tested 
for these materials is strength. Testing the material strength 
of these products can be accomplished in many ways. Two 
general types of strength tests are destructive-type tests and 35 
non-destructive-type tests. 
When a light from a stationery laser is reflected from a 
moving textured surface, such as paper, additional phase 
changes in the signal result from the textured surface. 
Specifically, the laser beam reflects on a fiber at one instance 
and, at the next instance, the laser beam reflects into the 
"valley" between fibers and, at the next instant, reflects 
again at the top of another fiber. The undulating laser beam 
reflection caused by the "hills" and "valleys" of the paper 
texture produces a wave of noise that needs to be filtered out 
in order to detect the ultrasonic waves. However, filtering 
texture noise is not an option in fast moving materials 
because the frequency of the moving material can produce 
a noise component or texture signal that is in the 1 MHz 
range. The 1 MHz frequency range of the texture noise 
In destructive-type tests, the material is sampled and tests 
are conducted off-line to determine the various properties. 
Test time for off-line testing is relatively long, resulting in 
delays between sample collection and process changes. This 
delay allows substantial amounts of sub-standard material to 
be produced. Non-destructive tests, on the other hand, can 
often be performed on-line while the web or sheet-type 
material is being produced. One type of non-destructive 
testing used for web-like materials is ultrasonic testing. 
Ultrasonic testing is performed on-line enabling a continu-
ous test of the mechanical properties of the material. In 
ultrasonic testing, sound waves are propagated through the 
material to determine the velocity of the sound waves. The 
velocity of the sound waves through the material correlates 50 
with the strength of the material. 
makes distinguishing the ultrasound wave virtually impos-
sible because the ultrasound wave propagates at the same 
frequency. Additionally, the amplitude of the ultrasound 
wave is less than 0.1 micron whereas the amplitude due to 
40 
surface deformation caused by the fibers of paper are 
approximately ten microns. Thus, not only does the fre-
quency interfere with the filtering of the ultrasonic wave 
from the texture noise, but the texture noise blocks out the 
45 
smaller ultrasonic signal. 
Therefore, there is a need in the art for a non-contact 
ultrasonic testing system that is operative to distinguish 
ultrasonic signals from texture noise for relatively fast 
moving surfaces. In such a system, a need exists to reduce 
or eliminate motion-induced noise caused by the texture of 
a moving surface. 
SUMMARY OF THE INVENTION 
Generally described, the present invention provides a 
In non-contact ultrasonic testing, an ultrasonic pulse is 
induced into the material and a stationery detection laser or 
interferometer is reflected onto the surface of the material to 
measure vibrations in the material due to the ultrasonic 
pulse. Laser interferometers detect surface motion of the 
material caused by the ultrasonic wave. The detection is 
normally accomplished by reflecting a laser beam from the 
surface of the material. The reflected beam is phase-shifted 
55 method to reduce motion-induced noise in the optical detec-
tion of ultrasonic signals in a moving sheet or body of 
material. The system of the present invention uses a detec-
tion laser to detect the ultrasonic signals traveling in the 
sheet of material. 
More particularly, the present invention provides a 
method of reducing noise in the detection of an ultrasonic 
signal in a moving body of material by moving a detection 
laser beam along the surface of the material in the same 
direction as the direction of movement of the sheet of 
by variations in surface displacement from which desired 60 
measurements may be obtained by interfering with a stable 
"reference" beam. Surface variations may be caused by the 
ultrasonic wave or by other means, such as mechanical 
vibrations due to machinery, etc. Thus, the source of varia-
tions needs to be distinguished. The frequency component of 
the mechanical vibrations are usually in the 1-1000 Hz 
range whereas the frequency component of the ultrasonic 
65 material. By moving the laser as described, the amount of 
textural noise induced in the detection of the ultrasonic 
signal is reduced. The method of the present invention may 
US 6,356,846 Bl 
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be used for many applications, such as in paper, steel or 
plastic making processes. 
Another embodiment of the present invention includes a 
system for detecting ultrasonic signals in a moving body of 
material. In this system, a body of material moves in a 
certain direction along a defined path. An ultrasound gen-
erator directs an ultrasonic signal into the moving body of 
material. A scanner directs a laser beam onto the surface of 
the moving body and moves the laser beam along the surface 
4 
panying figures. A system or method operating in accor-
dance with the preferred embodiment of the present inven-
tion reduces motion-induced noise via a non-contact method 
of detecting ultrasonic signals in a moving body of material. 
5 Non-contact generally means that a mechanical detection 
device, such as a device containing a transducer, does not 
physically contact the material being tested for ultrasonic 
signals. The noise, which is reduced, is primarily induced by 
undulations detected in the texture of the surface of the 
of the moving body in the direction of movement of the 10 
moving body. A detection device detects a reflection of the 
laser beam from the surface of the moving body to detect the 
movement of the ultrasound signals in the moving body. 
moving material. The present invention helps to reduce 
noise in the detection of ultrasonic signals in a moving 
material or surface by reducing the apparent speed of the 
surface of the moving material with respect to a detection 
laser. The apparent speed of the surface of the moving 
The scanner is preferably operable to move the laser beam 
at a speed that is approximately at the speed of the moving 
body. The scanner may be a galvanometer that is rotatable in 
the direction of movement of the moving body or may be 
any type of scanner suitable for directing the laser beam 
along the surface of the moving material. The operation of 
the scanner may be synchronized to begin when the ultra-
sonic signal is expected to arrive in the scanning path of the 
scanner. 
15 material is reduced by using a scanner to move a laser beam 
along the surface of the moving body in the direction of 
motion of the moving body. Preferably, the speed of the 
scanning equals the speed of the moving material. By 
reducing the apparent speed of the moving body with respect 
20 to the detection laser, fewer texture deformations on the 
surface are encountered by the detection laser and noise 
induced by the passing of texture deformations under the 
laser beam is consequently reduced or shifted to lower 
frequencies. The reduction of texture deformations detected Preferably, a photodetector is used to synchronize the 
movement of the scanner with the generation of the ultra-
sonic pulse. The photodetector detects the generation of a 
pulse from the ultrasound generator and generates a start 
timer signal. A timing circuit controls the movement of the 
scanner in response to receiving the start timer signal. The 
detection laser beam scans the body in the direction of 30 
movement, at a speed near that of the body, over a time 
period sufficient to detect the ultrasound pulse. The moving 
body of material may be a web of paper, steel, or other sheet 
material. 
25 by the laser beam enables the ultrasonic signal to be more 
easily and accurately detected. Another benefit of scanning 
or moving the laser beam, as discussed herein, is that the 
doppler shift from the ultrasound wave velocities would be 
removed. 
Referring to FIG. 1, a motion-induced noise reduction 
system 10 constructed in accordance with the teachings of 
the present invention is illustrated. It should be appreciated 
that the motion-induced noise reduction system 10 may be 
used in various production environments, such as paper 
Thus, it is an object of the present invention to provide a 
method and system for improving the optical detection of 
ultrasonic signals in a moving body of material. 
It is another object of the present invention to reduce the 
amount of texture-induced noise generated in the detection 
of ultrasonic signals in a moving body of material. 
These and other objects will be readily apparent to those 
skilled in the art upon reviewing the accompanying descrip-
tions and figures. 
BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a perspective view of a system constructed in 
accordance with the principles of the present invention. 
FIGS. 2a, 2b, and 2c are diagrams of the movement of a 
scanner in accordance with the principles of the present 
invention. 
FIGS. 3a, 3b, and 3c are diagrams that show the manner 
in which motion-induced noise is produced in a static laser 
detection system. 
FIGS. 4a, 4b, and 4c are diagrams that show the manner 
in which motion-induced noise is reduced by use of the 
method or system of the present invention. 
FIG. 5 is a diagram of the components used to synchro-
nize the movement of the scanner with the arrival of an 
ultrasonic pulse in the path of the scanner. 
FIGS. 6a and 6b are flow diagrams that illustrate the 
processes of the present invention. 
DETAILED DESCRIPTION OF THE 
INVENTION 
A detailed description of the preferred embodiment of the 
present invention is provided in connection with the accom-
35 mills and steel mills. The system 10 is a non-destructive, 
non-contact, physical property testing system suited for 
on-line testing of moving sheet or web-like materials. A 
control machine 12 controls various subsystems of the 
present invention. The subsystems may include an ultra-
40 sound generator 16, a scanner 20, a detection system 22 and 
a conveyor system 28. These subsystems may be controlled 
by operation of a control panel 24 having controls 26. By 
operating the subsystem components according to the prin-
ciples of the present invention, various properties, such as 
45 the stiffness of a moving material 30, can be determined. The 
moving material 30 may be transported along a defined path 
by rollers 32. It should be appreciated that the moving 
material may be transported by a moving wire mesh or grid, 
conveyor belt or other means known to those skilled in the 
50 art. The moving material 30, for example, may be any form 
of sheet material such as paper, steel, plastic, etc. 
The ultrasound generator 16 generates an ultrasonic pulse 
34 into the moving material 30 for detection by the detection 
system 22. The ultrasonic signals travel through the moving 
55 material 30 in the direction of the movement of the material 
as indicated by the arrows 38. A detection laser beam 42 is 
generated from the detection system 22 to the surface of the 
moving material and is reflected from the surface for analy-
sis by the detection system 22. The detection system 22 
60 preferably detects the ultrasonic signal in a standard way by 
mixing the reflected signal with a reference beam. The laser 
beam 42 is preferably generated by a laser interferometer. 
The detection system 22 may be any type of suitable 
detection system known by those skilled in the art, such as 
65 a photo refractive system, a Fabry-Perot system, a photo 
EMF system, a vibrometer, a Michelson interferometer, a 
Mach-Zehnder interferometer, or a self-mixing system. 
US 6,356,846 Bl 
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As indicated above, the scanner 20 moves the laser beam 
along the surface of the moving material 30, in the same 
direction of the moving material 30, to reduce motion-
induced texture noise. Additionally, the scanner collects 
backscattered light and directs the light back to the detection 
system. Many types of scanners may be chosen for imple-
mentation with a system operating according to the present 
invention, such as galvanometer, rotating prism, taut-band 
(resonant), piezoelectric, or acousto-optic scanner. The scan-
ner 20 is preferably a galvanometer that is rotatable about an 
axis 46. The speed of movement of the scanner 20 is 
coordinated with the speed of the moving material and lasts 
for the duration of the ultrasonic signals. At normal produc-
tion speeds, the scanner 20 of the present invention reduces 
the surface deformations detected by the detection system as 
compared to static or stationery laser detection systems, 
which would detect surface variations in a frequency range 
near 1.0 MHz. This frequency range is near the frequency of 
the ultrasonic signals which prevents static laser detection 
systems from being effective in distinguishing the ultrasonic 
signals produced by an ultrasonic generator from surface 
variations. Additionally, the depth of the surface variations 
can cause noise to be produced at an amplitude higher than 
the amplitude of the ultrasonic signals, thereby potentially 
masking the ultrasonic signal. When the scanner 20 scans 
the laser beam 42, the laser beam 42 may go in and out of 
focus on the sample or moving material 30. The focus 
problem can be overcome by using a parabolic mirror or lens 
(such as a gradient index lens). The moving detection laser 
beam 42 or scanner 20 of the present invention reduces or 
eliminates these texture-induced detection problems to pro-
vide an improved non-contact ultrasonic wave detection 
system. 
Referring to FIGS. 2a, 2b, and 2c, the operation of a 
motion-induced noise reduction system 10 is illustrated. 
Referring first to FIG. 2a, the initial function that occurs 
when the scanning and detection begins is illustrated. When 
the ultrasound generator 16 generates an ultrasonic pulse 34, 
the movement of the scanner 20 and the generation of the 
detection laser beam 42 are synchronized to coincide with 
the passage of an ultrasonic signal 50 produced in the 
moving material 30. That is, the forward scan of the scanner 
20 will be synchronized to start with the projected arrival of 
the ultrasonic signal 50 at the initial laser detection point of 
the path of the scanner and will continue scanning until the 
signal has past the scanning range. The scanner 20 is rotated 
at a rate that corresponds to the speed of the moving material 
30. The direction of rotation is indicated by the arrow 52. 
6 
Referring to FIG. 2b, the scanner 20 is shown rotated a 
certain number of degrees in the clockwise direction to 
move the detection laser beam 42 in the leftward direction 
to correspond to the motion of the moving material 30. As 
5 illustrated in FIG. 2b, the detection laser beam 42 still 
reflects approximately at the initial reference point RP 
because the velocity of the scanner 20 is synchronized with 
the speed or velocity of the moving material 30. The 
reference point RP of FIG. 2b may be now defined by the 
10 coordinates (d2 , t2). The distance d2 represents the distance 
between the reference point RP and the initial static point of 
reference Ir This distance measurement d2 was taken at the 
time t2 . It should be appreciated that the detection laser beam 
42 continuously measures surface variations due to the 
15 ultrasonic signal for the duration of the scan. The best 
measurements of the ultrasonic signal occur when the speed 
of scanner 20 reaches the speed of the moving material 30. 
Referring to FIG. 2c, the scanner 20 is shown rotated at 
a farther distance than the rotation distance indicated in FIG. 
20 2b. As illustrated, the detection laser beam 42 still tracks the 
movement of the reference point RP to reduce the apparent 
speed of the moving material 30 with respect to the detection 
laser beam 42. By reducing the apparent speed of the surface 
of the moving material 30 with respect to the detection laser 
25 beam 42 of the detection system 22, fewer textural distur-
bances are encountered by the detection laser beam 42. 
Therefore, the signal to noise ratio and the detection of the 
ultrasound signal is substantially improved over static laser 
detection systems. It should be appreciated by those skilled 
30 in the art that the angular relationships of the laser beam with 
respect to the scanner and moving material 30 are somewhat 
exaggerated in FIGS. 2a, 2b and 2c to clearly indicate the 
principles of the present invention. In the preferred embodi-
ment of the present invention, ultrasonic detection scans are 
35 intermittently or periodically made at selected intervals to 
meet the quality control specifications of the production 
operation. 
Referring to FIGS. 3a, 3b, and 3c, an example of the noise 
that would be induced in a fixed laser beam detection system 
40 is illustrated. In FIG. 3a, various fibers 302a-d, generally 
referred to as 302, of a web 300 of paper are illustrated. The 
fibers 302 are approximately 10 microns in diameter. It 
should be appreciated by those skilled in the art that the size 
of the fibers of a web may vary. When the fixed laser beam 
45 342 is directed toward the moving web 300, the laser beam 
strikes the fiber 302b. As the web 300 progresses along its 
path (FIG. 3b), the laser beam 342 is directed into the gap 
310 between the fibers 302b and 302c. The distance of 
By matching the scan rate of the laser beam, via the 
scanner 20, to the speed of the moving material for the 50 
duration of scan, the laser illuminated spot, LS, will effec-
tively remain static with respect to the reference point, RP, 
vertical displacement of the laser beam 342 from the top of 
the fiber 302b to the bottom of the gap 310 is approximately 
10 microns. This displacement is measured by the detection 
system associated with the laser beam. Referring to FIG. 3c, 
the laser beam is then deflected up 10 microns when the fiber 
302c moves into the path of the beam. The amplitude of the 
upward deflection of the laser beam 342 is also approxi-
mately 10 microns. The amplitude of surface deformation 
on the moving material. Rotating the scanner 20 at an 
angular velocity that corresponds to the velocity of the 
moving material 30 enables the detection laser beam 42 to 55 
experience very few, if any, texture variations at the opti-
mum scan rate. The optimum scan rate is the scan rate that 
equals the speed of the moving material 30. The initial static 
position, IP, with respect to the stationary components of the 
system, illustrates the position that would be the non- 60 
moving laser reference point in a static laser detection 
system. The reference point RP may be defined as having a 
distance coordinate d, with respect to the point IP and a time 
coordinate oft. The t1 coordinate indicates the time at which 
the detection laser beam 42 initially illuminated the surface. 65 
The initial laser detection distance is d1 . As the scanning 
process proceeds, the distance d will become larger. 
from an ultrasonic wave 350 is less than 0.1 micron. 
Therefore, the deflection of the laser beam 342 with respect 
to the fibers 302 of the web material is much greater than the 
deformation caused by the ultrasonic wave 350 which makes 
it difficult to detect the deformations due to the ultrasonic 
wave 350. The surface variations due to the ultrasonic wave 
350 are particularly more difficult to detect when the fibers 
move at 10-35 meters per second producing a signal fre-
quency that is in the same range as the frequency of the 
ultrasonic signal. Therefore, it becomes virtually impossible 
to detect the deformations due to the ultrasonic wave 
US 6,356,846 Bl 
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direction of the moving material 30 to synchronize the 
scanner movement with the movement of the moving mate-
rial 30. The signal processor and timer 520 also generates a 
signal 527 to the detection system 22 to initiate the operation 
because the frequency of the texture noise is approximately 
the same as the frequency of the ultrasonic sound. 
Furthermore, the detection of amplitude variations will be 
dominated by the greater amplitude variations caused by the 
dimensions of the fiber. 5 of the laser beam 42. The command signal 525 to the scanner 
20 is a time-varying voltage. A control loop can be used to 
keep the angular position of the scanner 20 proportional to 
the instantaneous voltage of the command signal (the pro-
Referring to FIGS. 4a, 4b and 4c, a more detailed view of 
the manner in which the scanner 20 of the present invention 
helps to eliminate texture noise is illustrated. As discussed 
above, texture noise is eliminated by moving the scanning 
laser beam in the direction of movement of the moving 10 
material to reduce the number of surface level variations 
encountered by a detection laser. Referring first to FIG. 4a, 
when the detection laser beam 42 is projected onto the web 
400, the detection laser beam 42 projects onto a fiber 402b. 
Although the laser beam 42 is shown projected onto a single 
fiber, an actual detection laser will illuminate a spot that is 
approximately 1 millimeter in diameter, which will cover 
several fibers. The illustrations in the figures are shown in a 
simple manner to clearly convey the principles of the present 
invention. By operating according to principals of the 
invention, the movement of the scanner 20 (FIG. 4b), at the 
speed of the moving web 400, causes the detection laser 
beam 42 to track the movement of the initial point of 
reference, the fiber 402b. Because the detection laser beam 
portionality constant is x degrees/volt). 
The method of generating the ultrasonic pulse discussed 
in connection with FIG. 5 is a pulsed laser. The pulsed laser 
has a short width (typically 1-20 microseconds) and sends 
a burst of light to the sample to excite ultrasound waves in 
the moving material via thermoelastic, ablation or plasma 
15 generation phenomenon. Other types of non-contact ultra-
sound generators that can be used in connection with the 
present invention are air-coupled piezoelectric transducers. 
Air-coupled piezoelectric transducers send an ultrasound 
wave through the air to the surface of the sample. When an 
20 air-coupled transducer is used, an electronic signal may be 
generated from the device to indicate the generation of an 
ultrasonic pulse. The electronic signal can be used to syn-
chronize the detection laser 42 and detection system 22 as 
discussed herein. In an alternative embodiment of the syn-
42 tracks the location of the initial area of contact or fiber, 
upon which the detection laser beam 42 was initially 
projected, texture variations due to the gap 410 and the fiber 
402c are not encountered by the detection laser beam 42. 
Therefore, noise due to the displacement of the detection 
laser beam 42 caused by deformations in the surface are 
minimized. FIG. 4c shows a further progression of the 
tracking or scanning of the detection laser beam 42 along the 
surface of the moving web 400 at the fiber 402b. In view of 
the stable detection point of the laser beam 42 with respect 
25 chronization aspects discussed in connection with FIG. 5, an 
electronic synchronization signal can generated from elec-
tronics associated with the ultrasonic generator 34 to be used 
for synchronizing the detection laser 42 and the detection 
system 22, instead of detecting the optical pulse for use in 
30 synchronization. 
The steps implemented in the preferred embodiment of 
the present invention are discussed in connection with FIGS. 
1, 2a, 2b, 2c, 5, 6a and 6b. Referring to FIGS. 6a and 6b, the 
steps implemented for scanning a detection laser in the 
to the web 400 or, particularly, the fiber 402b, the detection 
system 22 (FIG. 1) may more easily detect variations in the 
reflection of the detection laser beam due to the ultrasonic 
signal 50 traveling through the web 400. The signal to noise 
ratio is substantially improved as compared to the static laser 
detection system discussed in connection with FIGS. 3a, 3b, 
and 3c. 
35 direction of and along the surface of a moving sheet material 
are discussed. The speed of the moving web may be deter-
mined by using an external tachometer input. Also the web 
speed may be determined by evaluating the texture noise of 
the material when ultrasound waves are not traveling under 
40 the detection report to known predetermined noise measure-
ments. At step 602, the speed of the moving material 30 is 
determined. The speed of the moving material 30 is deter-
mined in order to synchronize the movement of the scanner 
20 and the detection laser beam 42 with the movement of the 
Referring to FIG. 5, a block diagram of the components 
for synchronizing the detection system 22 and scanner 20 
with the ultrasonic pulse 34 (FIG. 2a) and signal 50 (FIG. 
2a) is illustrated. When the ultrasonic generator 16 generates 45 
an ultrasonic pulse 34, a partially reflecting mirror 502 
reflects a portion of the detection laser beam 42 (FIG. 1) and 
allows the unreflected portion to pass through the partially 
reflecting mirror 502. The unreflected portion of the ultra-
sonic pulse proceeds through the partially reflecting mirror 50 
502 to the moving material 30, as discussed above. When the 
ultrasonic pulse 34 is generated, the partially reflecting 
mirror 502 deflects a 1/w of 1 % of the ultrasonic laser pulse 
to a photodetector or photodiode 506. When the photodiode 
506 detects the generation of the ultrasonic pulse 34, a signal 55 
515 is generated to the signal processor and timer 520. The 
signal 515 causes the signal processor and timer 520 to 
synchronize the scanner 20 and detection system 22 with the 
projected arrival of the ultrasonic signal at the scan location 
for the moving material. When the signal 515 is received at 60 
the signal processor and timer 520, a timer times a prede-
termined time that is calculated based on the speed of the 
moving material 30, the size and weight of the scanner, and 
distance of the scanner from the surface of the moving 
material 30. When the time period expires, the signal pro- 65 
cessor and timer 520 generates a signal 525 to the scanner 
motor 220 to cause the scanner 20 to rotate or move in the 
moving material 30 along its conveyor. The speed of the 
moving web may be determined by using an external 
tachometer input. Also, the web speed may be determined by 
evaluating the texture noise of the moving material, with the 
detection system 22, when ultrasound waves are not travel-
ing under the detection spot. These detected texture noise 
levels can then be compared, using a table or algorithm, to 
predetermined texture noise levels (frequency and/or 
amplitude) that have been associated with certain web 
speeds to determine the speed of the web. At step 606, after 
the speed of the moving material 30 is determined, the speed 
of the scanner 20, timer 520 and detection system 22 are 
calibrated to ensure synchronization of operation. After the 
system 10 has been calibrated, the system 10 is prepared to 
evaluate the properties of the moving material using the 
non-contact ultrasound detection method discussed herein. 
At step 610, the ultrasound generator 16 causes an ultrasonic 
pulse 34 to be generated in the moving material 30. At step 
614, a portion of the ultrasonic pulse 34 is reflected to a 
photodetector or photodiode 506. The photodiode 506 pro-
vides a signal that enables the scanning and detection 
operations to be synchronized with the ultrasonic pulse 
moving through the moving material 30. At step 618, the 
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synchronization timer 520 is started. The time period timed 
by the synchronization timer varies according to the speed of 
the moving material, size of the scanner, and the distance of 
the scanner from the moving material and other parameters 
as known to those skilled in the art. 
The process then proceeds to step 620 where upon expi-
ration of the synchronization timer 520, a command signal 
5 
10 
timer signal and the timer generates a start scanner signal to 
the scanner for causing the scanner to move the laser beam 
along the moving body in the direction of movement of the 
moving body. 
9. The system of claim 7 wherein the photodetector is a 
photodiode. 
is generated to the scanner 20 and the detection system 22. 
This command signal provides a start signal and serves as a 
synchronization pulse for synchronizing the detection sys-
tem and the scanner with the ultrasonic pulse traveling 
through the moving material 30. At step 624, the detection 
system is started when the command system is received and 
10. The system of claim 1 wherein the moving body of 
material is a web of paper and moves along a defined path 
of a paper making machine. 
10 11. The system of claim 1 wherein the amount of move-
ment of the scanner is calibrated to be directly proportional 
to the shape of a voltage curve from a command signal 
generated to the scanner to power the scanner. 
12. The system of claim 1 wherein the detection device is 
a laser interferometer. 
13. The system of claim 12 wherein the laser interferom-
eter generates the laser beam. 
at step 628, the movement of a scanner is initiated in the 
direction of the moving material 30. It should be appreciated 15 
that steps 624 and 628 occur virtually simultaneously. As 
indicated at step 632, the scanner 20 is rotated a number of 
degrees proportional to the voltage from the command 
signal as described herein above. At step 634, the rotation of 
the scanner and deflection of the laser beam onto the moving 
material 30 are stopped. The scanning and detection process 
may be intermittently or periodically repeated to test the 
quality of the moving material. 
14. The system of claim 1 comprising an ultrasound 
20 generator for generating an ultrasound signal into the mov-
ing body of material. 
The descriptions given herein are provided as examples 
and are not intended to limit the principles or scope of the 25 
present invention. Those skilled in the art would readily 
appreciate from a review of the descriptions herein that 
many modifications, changes or extensions may be made 
from the specific embodiment described herein without 
departing from the scope of the invention defined by the 30 
following claims. 
What is claimed: 
1. A system for improving the detection of ultrasound 
signals in a moving body of material, comprising: 
a scanner for directing a laser beam onto the surface of a 35 
moving body of material, the scanner moving the laser 
beam along the surface of the moving body in the 
direction of movement of the moving body; and 
a detection device for detecting a reflection of the laser 
beam from the surface of the moving body to detect the 40 
movement of an ultrasound signal in the moving body. 
2. The system of claim 1 wherein the scanner is operable 
to move the laser beam at a speed that is at or near the speed 
of the moving body. 
3. The system of claim 1 wherein the scanner is a 45 
galvanometer that is rotatable in the direction of movement 
of the moving body. 
4. The system of claim 1 wherein the operation of the 
scanner is synchronized to begin when the ultrasound signal 
is expected to arrive in the area to be scanned on the moving 50 
body. 
5. The system of claim 4 wherein the operation of the 
scanner ends after the ultrasonic signal passes the location of 
the area that is scanned by the scanner. 
6. The system of claim 4 further comprising a signal 55 
detector for detecting a generated signal indicative of the 
generation of an ultrasonic pulse and for generating a start 
timer signal in response to detection of the generated signal; 
and 
a timer for synchronizing movement of the scanner with 60 
the moving body in response to receiving the start timer 
signal. 
7. The system of claim 6 wherein said signal detector is 
15. The system of claim 1 wherein said scanner collects 
reflected light of the laser beam from the moving body and 
directs the reflected light to the detection device. 
16. A method of improving the detection of an ultrasonic 
signal in a moving body of material, comprising the steps of: 
generating an ultrasonic pulse in a moving body of 
material; 
projecting a detection laser beam on the moving body of 
material; 
moving the detection laser beam along the moving body 
of material in the direction of movement of the moving 
body of material; and 
detecting the movement of the ultrasonic pulse in the 
body of material by analyzing a reflection of the 
detection laser beam from the surface of the moving 
body of material. 
17. The method of claim 16 wherein the step of moving 
the detection laser beam comprises moving the detection 
laser beam approximately at the same speed of the move-
ment of the moving body. 
18. The method of claim 17 further comprising the step of 
synchronizing the beginning of movement the detection 
laser beam with the expected arrival time of ultrasonic 
signals under the scanner. 
19. The method of claim 18 wherein the step of synchro-
nizing further comprises: 
detecting the initiation of the ultrasonic pulse with a 
photodetector and starting a timer when the initiation is 
detected; and 
synchronizing the movement of the scanner when a time 
period timed by the timer expires. 
20. A method of improving the detection of an ultrasonic 
signal in a moving body of material, comprising the steps of: 
generating an ultrasonic signal in a moving body of 
material; and 
moving a detection laser beam along the surface of the 
material in the same direction as the direction of 
movement of the moving body of material to increase 
signal to noise ratio in the detection of the ultrasonic 
signal. 
a photodetector for detecting the generation of a laser pulse 
to initiate an ultrasound signal in the moving body. 
8. The system of claim 7 wherein the timer times a 
predetermined time period in response to receiving the start 
21. The method of claim 20 wherein the step of moving 
65 comprises moving the detection laser along a web of paper. 
22. The method of claim 21 wherein the laser beam is 
detected by a laser interferometer. 
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23. A system for improving the detection of ultrasound 
signals in a moving body of material, comprising: 
a scanner for directing a detection beam onto the surface 
of a moving body of material, the scanner moving the 
detection beam along the surface of the moving body in 5 
the direction of movement of the moving body; and 
12 
a detection device for detecting a reflection of the detec-
tion beam from the surface of the moving body to 
detect a predetermined type of signal moving in the 
moving body. 
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